Abstract: Approximately 15% of preterm infants may develop postnatal cytomegalovirus (CMV) infection from seropositive mothers via breast milk and are at risk for neurological sequelae in childhood. The aims of this study were to assess the effects and outcomes on growth, neurodevelopmental status, and hearing in very low birth weight (VLBW) premature infants with postnatal CMV infection via breast milk at the corrected age of 12 and 24 months.
INTRODUCTION
C ytomegalovirus (CMV) infection is widespread throughout the world, and can be transmitted to newborns in the congenital, perinatal, or postnatal period. Breastfeeding is the most common route for CMV transmission from seropositive mothers to babies postnatally. Maternal CMV-seropositive rates can range from 51.6% to 100%, 1 and over 96% of these pregnant women may have viral reactivation during lactation with CMV shedding into breast milk. [2] [3] [4] Full-term infants with postnatal CMV infection are often asymptomatic, without long-term sequelae or hearing problems. However, preterm infants, born at birth weight less than 1 kg or gestational age less than 32 weeks, are at highest risk for postnatal CMV acquisition of CMV via breast milk. 2, [5] [6] [7] [8] [9] Transmission rates of CMV from infected breast milk to preterm infants ranges from 5.7% to 58.6%. Symptomatic postnatal CMV infection rates showed a wide variation, ranging from 0 to 75%, and was directly dependent on the maturity of preterm infants.
1,2,10,11 Preterm infants exposed to CMV via breast milk might have symptoms such as neutropenia (<1500 cells/mm 3 ), lymphocytosis, thrombocytopenia (<150,000/mm 3 ), petechiae, hepatitis, cholestasis, pneumonitis, hepatosplenomegaly, and sepsis-like symptoms (SLS). 1, 2, 12 Preterm infants with CMV infection via breast milk might be at higher risk for developmental delay, cognitive impairment, motor function dysfunction, and hearing problems. [13] [14] [15] [16] However, the literature on long-term follow-up and neurodevelopmental outcome of postnatal CMV infection in preterm infants is sparse, and those available data are impeded by small numbers. Thus, the aims of this prospective follow-up study are to assess outcome during hospital stay and at discharge, long-term follows anthropometry, neurodevelopmental outcomes, and auditory function of very low birth weight (VLBW) infants with postnatal CMV infection via breast milk at 12 and 24 months of corrected age.
METHODS
This study was approved by the Ethics Committee of MacKay Memorial Hospital (no. 10MMHIS182), and informed consent was obtained from all the parents before study initiation.
All surviving VLBW preterm infants, who had been managed in a neonatal intensive care unit of MacKay Memorial Hospital and participated in our postnatal CMV infection via breast milk studies, 4, 9 following by the 2 periods, from 2000 to 2002 and 2009 to 2011, were enrolled for this postnatal acquired CMV infection 2 years follow-up study. These infants were born with body weight of less than 1500 g and at a gestational age of less than 35 weeks. Postnatal CMV infection was defined as PCR-positive viral DNA in urine (DNAuria) and culturepositive urine (viruria) samples 3 weeks after birth. Infants were excluded if they were not fed with their own mother's milk, or if they had evidence of congenital CMV infection, defined as a positive DNAuria or viruria within the first 3 weeks of life or a positive serum immunoglobulin M (IgM) during the first postpartum week. Specific procedures for the laboratory methods to detect postnatal CMV infection via breast milk have been published previously. 4, 9 Fifty-nine preterm infants were eligible for this prospective 2 years follow-up study; however, 4 non-infected infants were excluded because their parents did not join this follow-up program later. Fourteen infants in the infected group were compared with 41 infants without CMV infection (control group). All of these premature infants were followed up after discharge. The follow-up program examined clinical outcome of preterm infants during hospitalization and discharge. Long-term outcome studies included anthropometry, neurodevelopmental assessment, and audiometric tests at 12 and 24 months of corrected age (corrected for gestational age at birth using the mother's expected date of confinement).
Exclusion criteria included major congenital abnormality, congenital CMV infection, brain malformation, metabolic diseases, chromosomal anomaly, nonbreast milk fed infants, and infants lost to follow-up.
Preterm Infant Follow-Up Program
The baseline characteristics of all participants, included gestational age, birth body weight, gender ratio, birth weight ratio or neonatal therapeutic intervention scoring system, and Apgar scores at 1 and 5 minutes, were reviewed and recorded after admission and before discharge from neonatal units.
Clinical Outcomes
Outcome measures for preterm infants during hospitalization and after discharge included survival, length of stay, presence and grade of intraventricular hemorrhage (IVH), SLS, retinopathy of prematurity (ROP), bronchopulmonary dysplasia (BPD defined as oxygen requirement of more than 21% at 36 weeks' postmenstrual age), 17 periventricular leukomalacia (PVL), cerebral palsy (CP), and need for rehabilitation. Definition of CP was based on Surveillance of Cerebral Palsy in Europe criteria. 18 
Long-Term Outcomes
During outpatient clinic visits, anthropometric measurements, a mental development index (MDI) and psychomotor development index (PDI) on the Bayley scales of infant development II, Gross motor quotient, Infant International Battery, and hearing function of infants were conducted by neonatologists, pediatric neurologist, and clinical examiners. Examiners were blinded to the infants' CMV infection status. A threshold of MDI < 70 or PDI < 70 was used, representing 2 standard deviations below the mean and corresponding to significant developmental delay.
Anthropometry
Body length, body weight, and head circumference were measured at follow-up visits for each patient by a trained nurse. Standard growth and weight charts were based on Hsieh et al study. 19 Normal growth was defined as within 10th to 90th percentile, and abnormal below the 10th or over 90th percentile for corrected age of life. Microcephaly was defined as a head circumference below 2 standard deviations of the mean.
Hearing Test
All infants underwent audiometric testing and otoscopic examination at follow-up. Auditory brainstem responses were measured using a Medelec Synergy T-EP system (NY) and interpreted by pediatric neurologists. Hearing impairment was graded as follows: mild (26-40 dB), moderate (41-55 dB), moderate to severe (56-70 dB), severe (71-90 dB), and profound (more than 90 dB). 20 
Statistical Analysis
Infant baseline characteristics, anthropometric measurements, clinical, and long-term outcome data were analyzed using SPSS for Windows, version 17 (SPSS Inc, Chicago, IL). The categorical and continuous variables of infants were compared between 2 groups by Chi-square test, Fisher exact test, and 2-tailed unpaired Student's t-test. Statistical significance was defined as a P value of less than 0.05.
RESULTS
Fifty-five preterm infants were enrolled in the prospective follow-up study. Fourteen of these infants acquired CMV infection through breast feeding (infected group) and were compared with 41 children without CMV infection (control group). Gestational age of preterm infant was greater, and birth weight was heavier in control group compared to the infected group; however, there were no statistical differences between the 2 groups. Other characteristics such as gender ratio, birth weight ratio or neonatal therapeutic intervention scoring system, and Apgar scores showed no significant difference between the infected and control groups (Table 1) .
There was no infant death in this study related to CMVinfection. Seven of 14 infected infants had SLS and 8 of the 14 were diagnosed with BPD, but no statistically significant difference was observed between the infected and control groups. Other variables measured also did not show statistical significance, including length of stay, IVH, ROP requiring or not requiring laser therapy, and parental education level. Notably, 7 of the 41 infants in the control group developed PVL and presented with moderate to severe CP in follow-up visits ( Table 2 ). All infants with the diagnosis of CP were transferred to the department of rehabilitation for early intervention.
During the follow-up visits, body length was higher and body weight was heavier in the infected group than the control group by anthropometric measurements at corrected age of 12 months, but no significant differences were observed at the 24-month visit. Microcephaly was not found in either infected or control groups. The PDI and MDI scores of CMV-infected infants were higher than scores in the control group. Of the 41 infants in the control group, 10 infants had PDI < 70 at the 12-month visit and only 5 at 24-months after early intervention. Three infants had MDI < 70 at 12-and again at their 24-month visits. No statistical differences were observed for PDI and MDI scores between the groups. Two infants with mild peripheral hearing impairment were identified in both groups; however, neither of them presented permanent sensorineural hearing loss or delayed speech in follow-up visits. The raw data of anthropometry, neurodevelopment assessment, and results of hearing tests for long-term outcome are given in Table 3 .
DISCUSSION
Our prospective follow-up study indicates that preterm infants with postnatal CMV-infection acquired through breast milk undergo no major adverse effects in clinical outcomes, anthropometry, neurodevelopmental status, and hearing function at up to 24-months. Breast milk is the optimal food for infants, providing many advantages for preterm infants, such as improved neurological development, lower risk of ROP, mitigate infections, and risk for necrotizing enterocolitis. 21 Based on our results, we can support the breastfeeding recommendations of the American Academy of Pediatrics, 21 in spite of the mothers being CMV seropositive.
Risk factors associated with CMV-seropositive mothers infecting their preterm infants included early onset of DNAlactia, virolactia, high viral load and prolonged excretion of virus in breast milk, lack of transplacental maternal CMVspecific antibody, and infant prematurity (gestational age <30 weeks) and low birth weight (<1 kg).
2,5,7,9 Approximately 13.7% to 15% of these infected infants have been reported to develop SLS, 1, 2, 22, 23 and this increases to 80% frequency of SLS in extremely low birth weight (gestational age <26 weeks) infants. 23 Although SLS, ROP, and BPD were frequently observed in infected infants, no statistically significant difference was found between the infected and control groups. Moreover, none of them died related to CMV infection nor need antiviral treatment.
Interestingly, perventricular leukomalacia (PVL) is the most common ischemic brain injury in premature infants with a multifactorial etiology and pathogenesis. 24, 25 Premature infants are especially vulnerable to PVL which can resulted in CP later in life. Thus, VLBW infants are predisposed to develop CP after discharge from neonatal units. VLBW preterm infants whose gestational age is less than 28 weeks are more than 20% more likely to have CP than term infants. 26 Advances in care have resulted in increased survival (50%-70%) of VLBW infants in recent years, resulting in more than 50% of surviving preterm infants with PVL. PVL patients may go on to develop disabilities such as CP, subsequent occurrence of cognitive, behavioral, attentional, or socialization deficits, in 25% to 50% of patients later in life. 27, 28 In this study, 7 infants with PVL were identified by serial neonatal cranial ultrasound in the control group within 4-6 weeks of life. PVL was diagnosed prior to CMV infection and moderate to severe CP was diagnosed at follow-up. Therefore, we were not surprized that infected infants had higher PDI and MDI scores on the Bayley scales of infant development II than noninfected control group. In follow-up, infants with PVL showed improved neurological function later in life as a result of early intervention. Likewise, hearing impairments resolved without delay in speech.
Follow-up duration in the published literature varies from 6 months to 10.7 years of life. Long-term outcome in VLBW preterm infants after CMV-infection transmitted through CMV- seropositive mothers is still controversial. In the 1980s, Paryani and Yeager 13 first reported that early onset of CMV excretion and infection in infants with birth weight less than 2 kg had significant risks of neurological impairments at 3 years of age.
14 Other follow-up studies showed that preterm infants might not have increased risk for neurological, cognitive sequelae, and sensorineural hearing problems after CMV postnatal infection. 1,29 -32 In contrast, recent long-term follow-up studies reported neuropsychiological sequalae and poor cognitive function in adolescents born preterm with early postnatal CMV infection. 16, 33 In our study, there were no significant differences in the outcome of infected infants with postnatal CMV infection via breast milk between study groups, included mortality, length of hospital stay, BPD, IVH, PVL, or ROP, CP, head circumference, and body weight followed for up to 2 years of corrected age. As feeding intolerance was less frequent in infected infants during hospitalization and after discharge, we expect this resulted in higher anthropometric measures for body weight and height than noninfected babies at followup visits.
The available literature that has conducted long-term and large-scale follow-up of the cases is limited. Our patient number is also not large and we only follow up until 12 to 24 months of age. Some confounding factors, such as comorbidities, different treatment regimens, socioeconomic status, parental education level, that might affect neurodevelopmental and neuropsychological outcomes of VLBW infants, were not recorded or analyzed in this study. We, therefore, recommend large prospective, well-controlled, long-term cohort studies are needed to further examine the issues.
In summary, postnatal symptomatic CMV infection transmitted through breastfeeding in preterm infants is not uncommon. Considering the advantages and benefits of breast milk for preterm infants, preventing and minimizing the possibility of postnatal CMV infection in preterm infants is critical. Our results suggest that the benefits of breastfeeding outweigh the risk of acquiring CMV infection, and there is no evidence for increased risk of clinical sequelae at 2 years of age.
